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3LSH IUDFWXUH WHVWZHUH FRQGXFWHG XVLQJ FLUFXPIHUHQWLDO WKURXJKZDOO FUDFNV VSHFLPHQ 7HVWHG SLSH VSHFLPHQV
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GLIIHUHQWFUDFNVL]HVDVVXPPDUL]HGLQ7DEOH
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'HWHUPLQDWLRQRI*71PRGHOSDUDPHWHUVIRUGXFWLOHWHDULQJVLPXODWLRQ
2.1. Gurson-Tvergaard-Needleman (GTN) model 
7KH*71PRGHOWRVLPXODWHGXFWLOHGDPDJHDQGIDLOXUHLVJLYHQE\>@
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ZKHUHıHLVWKHHTXLYDOHQWVWUHVVSWKHK\GURVWDWLFSUHVVXUHDQGıWKH\LHOGVWUHVVRIYRLGIUHHPDWHULDO7KHPDWHULDO
SDUDPHWHUVTDQGTGHSHQGRQWKHKDUGHQLQJH[SRQHQWQDQGRQWKHUDWLR(ıZKHUH(LVWKH<RXQJ¶VPRGXOXV
7KHYRLGJURZWKUDWHFDQEHH[SUHVVHGLQWHUPVRIWKHFXUUHQWYDOXHRIf (WKHYRLGYROXPHIUDFWLRQ DQGWKHSODVWLF
VWUDLQUDWHWHQVRU pH DV
   ,pgrf f H     
ZKHUH,LVWKHVHFRQGRUGHUXQLWWHQVRU
2.2. Calibration of GTN model parameters 
7R GHWHUPLQH *71 PRGHO SDUDPHWHUV )( GDPDJH DQDO\VLV LV SHUIRUPHG WR VLPXODWH &7 WHVW )( GDPDJH
DQDO\VLVZHUHFRQGXFWHGE\$%$486H[SOLFLWSRURXVDQDO\VLV>@DQG WKH ILUVWRUGHUVROLG UHGXFHGHOHPHQWVZHUH
XVHG&'5
7KHFDOLEUDWLRQSURFHVVKDVWZRVWHSV)LUVW7RGHWHUPLQHWKHYDOXHRILQLWLDOYRLGYROXPHIUDFWLRQf0IURP-5
FXUYH6HFRQG,IFDQ¶WSUHGLFWXVLQJE\LQLWLDOYRLGYROXPHIUDFWLRQFDOLEUDWHXVLQJE\IUDFWXUHYRLGYROXPHIUDFWLRQ
ff
%HJLQQLQJRI*71PRGHOSDUDPHWHUVDUHVKRZQLQ7DEOH
7DEOH'DPDJH3DUDPHWHUVYDOXHRI*71PRGHO
3DUDPHWHU 9DOXH
9RLGQXFOHDWLRQ 
İN SN, fN 1RQH
9RLGJURZWK 
I &DOLEUDWLRQYDULDEOH
IF 
II 
TT 
(OHPHQWVL]HPP 

,QFDVHRIHOHPHQWVL]HPPWRFDOLEUDWHLQLWLDOYRLGYROXPHIUDFWLRQf0VLPXODWHWR&7WHVW7KH)(PHVKLV
VKRZQLQ)LJ,Q)LJDWKHHIIHFWRIf0RQSUHGLFWHG-5FXUYHVLVVKRZQ$Vf0YDOXHLQFUHDVHV-5FXUYHLV
GHFUHDVHG $QG )( UHVXOW XVLQJ FDOLEUDWH SDUDPHWHU f0 GRQ¶W SUHGLFW H[SHULPHQWDO GDWD 7KHUHIRUH WR SUHGLFW
H[SHULPHQWDOGDWHXVHGFDOLEUDWHSDUDPHWHU ff ,Q)LJE WKHHIIHFWRI ffRQSUHGLFWHG-5FXUYHV LVVKRZQ$V ff
YDOXHGHFUHDVHV-5FXUYHLVGHFUHDVHG$QG)(UHVXOWXVLQJFDOLEUDWHSDUDPHWHUffZHOOSUHGLFWH[SHULPHQWDOGDWD

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)LJ)(PHVKIRUVLPXODWLQJ&7WHVWHOHPHQWVL]HPP
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E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)LJ(IIHFWRIGDPDJHSDUDPHWHUVRQVLPXODWHG-5FXUYHVHOHPHQWVL]HPPDIEII
,Q FDVHRI HOHPHQW VL]H PP WR FDOLEUDWH LQLWLDO YRLG YROXPH IUDFWLRQ f0 VLPXODWH WR&7 WHVW$QGRWKHU
SDUDPHWHUVYDOXHXVHGE\GHWHUPLQHGYDOXHLQFDVHRIHOHPHQWVL]HPP,Q)LJWKHHIIHFWRIf0RQSUHGLFWHG-
5FXUYHVLVVKRZQ)(UHVXOWGRQ¶WSUHGLFWZHOOH[SHULPHQWDOGDWD6RWRVLPXODWH-YDOXHGD PPGHWHUPLQH
SDUDPHWHUYDOXH,Q7DEOHGHWHUPLQHG*71SDUDPHWHUVYDOXHDUHVKRZQ

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'XFWLOHIUDFWXUHVLPXODWLRQRISLSHIUDFWXUHWHVW
7KH )( PHVK IRU VLPXODWLQJ WKH 7:& SLSH WHVW LV VKRZQ LQ )LJ  )LJ  FRPSDUHV VLPXODWLRQ UHVXOW ZLWK
H[SHULPHQWDO GDWD 7: WKH ORDG YHUVXV //' DQG FUDFN H[WHQVLRQ YHUVXV //' GDWD )RU /RDG//' GDWD
FRQYHQWLRQDO HODVWLFSODVWLF )( UHVXOWV ZLWKRXW GDPDJH DQDO\VLV ZHUH SHUIRUPHG XVLQJ WZR GLIIHUHQW DQDO\VLV
,PSOLFLW DQG([SOLFLW DQDO\VLV$QGERWK DQDO\VLV SUHGLFW VDPH UHVXOWV )(GDPDJH DQDO\VLVZDV SHUIRUPHG XVLQJ
*71PRGHO$OWKRXJKVLPXODWHGUHVXOWVXQGHUHVWLPDWHWKHPD[LPXPORDGLWDJUHHUHODWLYHO\ZHOOZLWKH[SHULPHQWDO
GDWD)LJVKRZVIUDFWXUHVXUIDFHGDWIRXUGLIIHUHQW//'YDOXHVIURP)(VLPXODWLRQV

 
)LJ)(PHVKIRUVLPXODWLQJSLSHIUDFWXUHWHVWHOHPHQWVL]HPP

  
 D E
)LJ&RPSDULVRQRIWKURXJKZDOOFUDFNHGSLSHWHVWGDWD7:ZLWKVLPXODWHGUHVXOWVD/RDG//'FXUYHEFUDFNH[WHQVLRQ//'FXUYH

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DJUHHZHOOZLWKSLSHWHVWGDWD+RZHYHUIRUWKH
SLSHWHVW7:VLPXODWHGUHVXOWVXQGHUHVWLPDWHWKHPD[LPXPORDGV

  
 D E
)LJ&RPSDULVRQRIWKURXJKZDOOFUDFNHGSLSHWHVWGDWD7:ZLWKVLPXODWHGUHVXOWVD/RDG//'FXUYHEFUDFNH[WHQVLRQ//'FXUYH
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